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(54) [mm<o^m ^mi^mi'&zs^^mwm'?' 



(57) [^J^] 

m$ilSpSGaAsP^#«c^5at nSGaAs 

GaAsi^*^f|c«5a{Cj^LT»fi£^ix. I I I M<0 
B. A 1 . GaXt±I nS:2 a t S a t % K-z-n* 
LT#tfZnOai 5(^2m«i)i:. $^>{C-ec7) 
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GaAs^^mi^m^lzm^^tx.. 2at%A^^>8at 
%C0 1 I imcOB, A 1 . GaXm n CO p -^ii^-^ < t 

ca*«2] BtiHGaAs^2i^*:jii4, pMcomm 

[il««4] nMGaAsm^ft^t, 
|flienSGaAs^^«cJi±(C, ±^r3t^iBt LTJ^ 
fig§ill.i«G a A s^iji^f^Jli: Tii«$il5p-ngf^ 
^WL/iGaAs icio V . 

HU IE n M G a A s m^mi^M ti^ LT 3 >- ^' ^ 
hS:Jgl«i-|.mi^i:, B«lfepS[GaAs^^i|^f<c«t 
MUTa^WtcnyrJ-i^h^rffML. 2at%*'<i>8a 
t%<r>l 1 imcOB, A 1 . GaXiil n<03*>il'-^< 

immms] pmg Si A sm^mi^mt. 
mzpmGsiAs?k^fi:m±i,z. ^.^^mtLxm 
^^tih nmGaAsm^mi^mtx'mfS.^ix.h p - n 

Jg-^ ^ * L/C G a A s Jk^mim^iza V , 
frlSp MG a A s m^i^mizM Lxmm^iz ny^^y 
h^JBfiK-rsmi^i:. ii?ffBn®GaAs^^Nf#:e 
tcSttrm^Wtcny^:? h^jg^L. 2at%A-^S 
at%c7)I I IStOB, A 1 , GaXJil n^o*3'}ftc 
< t t-^Sr h b Ur-i-tf Z n 0«*>«i>^rS 

[ft^R^Se] nSGaAs^^fiisSi:, 

mifinSG a A s ^^mwmf^<o-^mmzmm^tih 

P so a A s ^it^##:« i: vm^^iXh P - n ^ 

L7t G a A s ^T . 

line n SG a A s ?M^mi^mi,zii Lxm^miz a^^^^ 
him^-thmimmt. mzpmGaAsmHmf^m 

Sr^^V miipmGaAsIk^^miZ(r)^mm'3iza 
>'^:? h^]fg^-r«.2at%*>^>8at%c7)I I I jBI^O 
B, Al. GaXtil ncoe^=>ii'->S^<i:^J-^Sr^'- 
>'■?V h t Lt-^OZ n 0®*>/i>^rSII2«fi6t $-^tf3!£ 

[i»a<Jl7] nMGaAs^^^fijJii:, 
fnenSG a A s iM^«i®±<?)-a51SlStCJe/S$iX6 
pSG a a s m^mt^m t T-m^? ilS p - nS^$r* 

t/cG a A s j(^mwmf-\,zn\.^x . 

mi S n S G a A s ^^*Ji ICS* L T a^WtC 3 > :7 

h €:jg^fi.miaffifc . mitpm.G&As^^wm 

S-avv mil2pSGaAs.^iti^i2!tatco;«(im^fl^(C3 
hSrJg^-r'S2at%A>/c,Sat%<7)I I \mfr> 
B . A 1 . G aX« I ncod *>iJ'-<!r< i: t-ffiSS- H- 



[if*«8] pSGaAs5RiH^*Sfc, 
miiepSG a A s^i|i^ft«±«0-|[P^i|g(C?Bj|)t§nS 
nSG a A s^^iji^ft:Jii:-Clffig$ili. P - n«^?r 
^ t ?t: G a A s Jk^mW.m=?-{Zi5 V ^-C . 
fne P SG a A s ^^f^iitCit L-CS»6<JlC3 >^ 

S!flBnSGaAs^@f*;i^liV\ fTfEnSGaAs 

> ^ h ^mm-h 2 a t 

%j!)>4>8a t%<?31 I IM«0B. A 1 . GaX*±I 

[1**^9] flfepMGaAs^^{*Jit1u|BnS 
GsiAs7k^mW-mt<r>fSit.z. '^^b^j:h^m\lfmifi 

[ it^ii 1 0 ] Buie^ 2 mm.<r)-w><,z , lu le^ 2 mas 

Iit*:fll 1 ] HuEII2«®i, JSJJf^nAn . 8*> 
<i> 2 . 2 ^ TtOIBJTfc §18*314 ij^hlOt T'OV ^ttl 

[W*«12] H5ieig2«fiicoff$d*^ 
d= (2m-l ) A/4nf*.Stl*Ja4*>^>l 1 iT' 

[000 1] 

G a A s t OT'Si 

(0002] 

l^c^nm GaAsm^(^«t4^fflV^Tp-ng! 

s c i: izx 'om^<r>mtmm'7-tHmT^ 

I). CTx.{S'5%7K^^5j--H{L i gh t Emittin 
g Diode: LED)J4, — jKWtC n MG a A s 
^«tai: pSGa A s^i|i?S^itcJl*>«t,^r|, p - ng-^$- 
^LTfcO, ^'^{Cnmat/pS*»*ilcO#>5r{cML 
xm^mi>zay:$f^7 h-ti>t:if)(0^m^mimftiLX\>'^ 

[0003] ^■^(T^^mmmrsizp- nm-^i,zntxm. 

lT^t^j:hJ:dl,zm^^mu-t^t. p-nJg-^^rffijS 

mmmz}i\,^x, ^TtjEiib<onm'^i,zmmLt^^ 
mm^th, ^L^3e<±, mnipm^^mi^mmm 

[ 0 0 0 4 ) L E D<0^3eSft*fc J:l^^%3t#e«0|Sl±S- 
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{0005]GaAs . ^J;c{f LE DO 
[0 0 06] micO«jt$ri&-r§LEDJ±, itCp-n 
COO 0 7] 0IJi.{$\ nSGaAs^^KtCnSGaAs 

iXR&ilSSrJ^^-rs. S i N.iO-gS^^tgiPJ-jgfig 
10 0 08] Zni:m;MtiZtizJ:K). mo^ML 

x^<o-umm'PizpmGaAspmt:mi^-tt, nm 
^mz p so a A s pm^m^yt^mt -t^zt 

[0009] nSGaAs«;KtC(imme<Jfc:rJ>:J'^'h 

LJt . A u S n ^5: t'c7)^l^:t- 5 -y r^HfiiA^'JgfiS; 

■rs. ^^mtLxm^-^hti^pmrn^i. psoaAs 

[0 0 1 0] ^20:KjtSr*-r4LED{i, ±{=p-n 
t$^*i i^^i^/l^Xii^T-yl^^^xDtg^iO^iS&W Lxa 

C00 11]M;t«f. naGaAsS^itCnSGaA 
s^iyyrm. nMA 1 Ga I nPi^^-y K®. A 1 G 
aInP?gttS, pSA 1 Ga I nP:J'5.y Hii, pS 
G a A s if ^m(kl>Z^±m^-m0^^yjm ( M O - C V 
D) ^fc'S-fflV^T^^fiE-ri.. nSGaAsS^tCiim^ 
W^r^y^':;' hLT^w. 0<i.{f AuGe^i:'c7)^Jl>J--$ 
•y^'^l&!>«}gric$<l, 7fe^®i:UTfflV^SpSfflt«P 
MG a A sUcT)— gu^l^t^^WtcrJ >':J' ^ h- L7t0!li. 

[0 0 1 21 miOfi|ji*7t«il|2<7)|ijtfci3V^Ti:-*> 

<?>cr)LED{c5FtLTt. pSlMinmcTy^mi^miz 

MLmmi)-(:,+^^j:m^imxi-ht:i^iz. ^mi^mt 
mMt(om<r>ziy:^^ h&mi+mzm ^ztij^smm 

?>zti,zj:o^y^i^ him.cr>iii^^mr>x\^h. la^ 
L-^<r>^m. ^-Mm^j:^mmmii p - n 4.^ 

COO 1 3] -f-ciT'. mi<7)mm^^fh]^EDi,zMt 

(00 1 4] fPli-Jf, nMGaAsS^tCnSGaAs 
P5-5\ffl^ft$-l*-;t±tc, mHJ-m ( S i Nx) tcj; 0 



teBjd»ihMSrj^fi£-ri.. s i Nx(o-um.iinzmai:m 

0-^«1^4>(CpSGaAs Pe$:Jgfig-ri,. ^J.-^<i: 
t pSGaAs P®*«$^^|>-a5®l^^S5/^IV^^ 

y'jji<yAmmim ( i to) 

[ 0 0 1 5 ] p - nm-^izn Lxyt^mijmm^mMiz 
mhtitz LED iriPMi-h z b i)<x^ , m^mtTi^mm 

im^mSimi>zi5\.^x^mi^^i,i^-xih'o. 
[00 16] tfzm2cr,mm^mt hi^EDizntx 

[ 0 0 1 7 ] plj;c{±\ naGaAsS:^(CnaGaA 
syC-/7rfl, nSA 1 Ga I nP^5-y h'Jl. A 1 G 
a I nP^Stt®. pSAl Ga I nPr^^ y KJi, pS 
GaAsii2::t}S^«^ffl^:ft:^^ (MO-CVD) 

[00 1 8] 3t^ffit L-CfflV^^pSGaAsa±t3, 

m^muiA 1 ^j:}^x-mm-i>, nmo a A sw^m^z 

[0019] w&tR/£ I To^j:b:(r>wmmm,mmL 
fii<nmm^^-ti>zt-if^mx'S>h. m\mmiiMm 
%^wzmw.(r)m^mmMmzii\,^xJlk<msi^tl. 

-^CpMG a A s JltCiiA^iXl. , 
C0020] ^^StCiJftSfllEpSGaA 

smbmiiTo^j:i^(rm^m^i^<^^mzii\,\x . tg 

I.. 

C002 1 1 -tClT-. :^-^-y^ny'S>9VW^^bL 

xAuz nmco^mm?:impmGaAsmbmis. i t 

C 0 0 2 2 ] (i L . mif2A u Z n Ji»45fe^Wtc^aHH^r 

^]RfJ)&7t46, BtriEAu Z nJl<7)Ji;zi$: 1 0 nmTi: 

mmzm\''>mx'mfSi-ti>:: b j: o^(Oimm<r)^±iz 

C0023]GaAs ^^l^ftS^^, fiRli.*f^«cfbte 
*^T'*>I> LE D(Ci>-(,^T , ^iCBuie^l C0«jt^ 
fiie^20«it{cJotti.3fe^®±tcjgj£U;tB5E I TO 

^:if<os-Hja?«^4, mmtfctim^fiSLmbLxm\'^ 
coo24]c^i:\ pmxtinm<7m^m(,zinfi,^ 
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no. InjOj. SnOjWSJSS-i-AT'V^S. 
[00 25] 

i^m^m^Lx 0 tthmm] ±^<7)j;d(cGaAs 

[0 0 2 6] ZnO, InjOgXiiSnOz 

Uf^mftm^F, mti£L.EDmi,zmmthff)iimiX'h 

S. GaAsiK^«te±tZnO. 1 niOj 

( 0 0 2 7 ] ^^vT, ^BflmffiilO-f-C' I TO{±. JB^* 
mzi,-^Xm^iflO"^ ■ cmi:+^Hc®<«S£Ji: 

[0028] -a5±fe<7)^jSSr»^^S*&t LX . p 
SG a A s S^^f*«i:SBJ^®^t coster- S y 
hffla&Kt LT^-t<f Au Z n^cOlEJStCjf 

m&J^cCm^t LX , ^JlM2-figS{CS< mtil l O n m 
OT<7)J?;vi2-tS ; fc J: oT3eeDSjS$^[6l±$-<i-2. 
^.!:*>'^«gT'*>0. pMGaAs^^^!|sJli:AuZn 

[00 29] tZ^il^. AuZn^<7)^J@?Ji$-ffA-ri> 

mS.(Omai:m^iSZLX\,^imi^S)*) , pSfGaAs 
^ifiSfzfcJI t +3J-^r;f- 5 -y ^' a y ^ :7 h *Jff /i>/xT V •» 
4^:, nSGaAsi^4^l|^*cJli:iSaj 
#®li:<O^W^r 3 >- hlzmtXli-mwR^ti 

[0 0 30]J^o-C. GaAs^#^{*±{cjggt^tg^ 
[0031] -Se^JtC. ^cr,mcDWM(r>m^^ 
m^Kct'ir^^tcXixi Z t fc: i ->Ta^cog?-&*MiA< 

[00 32] tz^x\ iTo^j:t'<7)mBMmmmii. ± 



t:-^h-t^-oX\^i,ii^fcibl,z. ^comco^m. ^mi^t 

fM^<r>^comntm^i:^-rhmt.zi6\,-^xi>. ^<o^ 
[oo33]GaAs ^^^^it mmmBmmssiom 
[0034] ^^m<r)smii.. ±^^i^mTt Lxm\>^ 

^>ix ^ G a A s ^^f<:«ffiCt5 V -^T^eSa i: =Sr -5 

^j^fiS L , G a A s m^mi^x-m^ $ 

ztiz$>i. 

[00351 

[ig|iS:)S^-rS/c«)C7)#S] *3l03c7)-ffi.iSicJ;it 
{f. GaAs^ifimJifc, MSGaAsm^^*ii± 
tCJB^^iX. 2at%*^tf>8at%cr)I I I]^(50B. A 

t LT^tf Z nOSi: &*-r^^#«s«W^fit$ix 
[0036] 2at%A^^>8at%c7)l I Ij^fiOB, A 

t Lx^ttznomtiimm^j:mBMmmximmm.mM 

mtLxmm^ti^. 

[0037] ZnO{i2at%*^(;,8at%<?5I I im 
<7)B. Al, GaXiil n<7)o-t^i!/-^j:<i:ii—1^i:}t 
-J-^ybtLxma-thZtlzX-iX , ZnOrtcO^J^ 

vTm'^^M<-r^zti)^mt^j:'o. $ ^izis^mmt: 

iSiT^-ti>Zti}iX'^h. GaAs^^mzii\>^X^ 
pMff) h VXW^-th Z n i:jmiZ-^tsZ n O 

ma. rrm^zanh^yj^^ vmii:imL. mssmL 

iiii-(f^mm:m±.^^hZt1iiX'ti, 
[0038] 

[%B3<oiifis<?5jgs] ^%m<r)mim^m.iz'o\.^xu^ 

■thmiiz. m^Mm.wm^^mw^^m=FLED[ziiLx 
^p^ttz\m^m.^^bLxnmLtc^^ l 

[0039] ( 1 ) i^-^mcS^A 
S^tt^O^V^SBS^mMX'£< P - nti-^±^S5 J: ^ 
tcm-r C: t iJ^m^tcib. p - n g^^ffilcJt LT+ 
^lz^-^j:mm.i:i^Xi-tZt^-X'^h. mzmrAffJ^j: 

[0040] ( 2 ) n-^xm^mTa.m<nmmM 

P - n^-^gpcSt LTl^-^«g£5J-7Bi^aA5:?T3 C: i: 
*«T-^ ^7t*b. P - n 

[004 1 ] < 3 ) msirFcoajit3fe<o$ii® 
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[0042] ^Hfl^mM^^BBm® i: Lmm-h ^ 1 1 
[ 0 0 4 3 ] $ ^{c. mmmmm.^mmm.xmw.m t l 

[ 0 0 4 4 ] i^j. ^a^^m'^izis^^x^ms.^j'^m 

tii. $>^rMxmmzx'om'Fbiiiiconm^mmi:m 
xni^tihmMm^K ^mii^m^f\-mzmtii^^i6 

[0045] (4) IBISmBEWlKT 

ztij^x'^ifz)^. ^Bmmmt^mi^mb^m^mm 
i:±^<^^-ttzbi}<'^^b^:ii. mtmrnhtzon 

m:h m\i-iz b tpx'^ h . 
[00 4 6] {5)msxmm<rmm 

m^m<r)m^j:mm\,zj;:y)^rm^m^tx\.^^m^. x 

mmmmziir>x^^ix^ m'.z%(r>m'<iii[^ii^mvxw^ 

JJALtzMi^MX'-kim^ix^. W;c{fLEDtcfcv^ 
TP- n^^1)-ty<rmti:Wm-hm^. rtSii: «JS#f 

9VBb tiS*f***naiP = 1 tr^-fSS^cOC b 

-t. m^m&^±t \'^fc»b. p - nii^*'/i,c7)ajit5t;i 

^i: G a A s ^¥^f!|s<7)^i;)g^$^qS-r S^QflSlffii 

tci,. tafoT, P-n^*>^,oai*f3KJ4^^f^a5(cR 

[00 47] ( 6 ) ^^;SII<^)f ijffl 

^flh. PJ55rd fr-5.i:5td= ( 2m - 1 ) A/4 n 
ti<mi)^iX^ . G a A s J^^(!^cOfa 



■S. fit. m{4iEc7)SS;i:-r^, 
( 0 0 4 8 ] X, *BH*B«(C:fe{t?. I I I - VJ^cOGa 
As^^03e4^^#^-??^*i/*t--S«m+tCU. GaA 
s<7)mz^ GaP027^B^, GaAsP.AlGaA 
s. I nGaAs^i:£7)37C7lB^B. A 1 Ga I nP. I 
nA 1 Ga A s^i:'<7547cJlB^Bt-i-^iX-&. 
[0049] 5t^^lg^fc{4, 

[0050] Z nOtfOm^y^jt^ltttt-OI-^T. fSJ* 

[ 0 0 5 1 ] Z n O«iSS«jt-^«-S<0 h'->''?y hCJ: 

^i|iJSV>tt«?-S^-r. ittfcl I I]K<OB. A 1 , GaX 
{4 1 n<03 ■^ii'^^< b i:>~mmimmz Y-^^y^Ltz 

^z{,m.ixtz^'R^^^h:ibi)^X'^h. 

[0052] ZnOm<r>mi^^')TmjSln, 
Wm^uRX/^lMmpb. ZnO*<oer|;?.{fGa<0*:t 
l:(at%)t£0M<^5:*-t. 

[00 53] 0UC^-f-J:dtC, 2 a t %(r h 5 y 
— fe>'h)tLh2 0at%JilT, ^#(C2 a t%A»4>Sa 
t %i T'<7)raiOiiJ^-C'G a Sr-^tf Z n om^m&-ti> 

b. ^-rOTim^^^K, ^m&th^mm^^ 

^=3:Mt4. mmmti:zii'^^WLmbLxm\>^htitb(r> 

[00 54] 02{C, Gah'-7-<0ZnO)K<'>}bt#tt 

5:^-r. eiW{4^;S:A, mm^comT&m^TjkLX^'-^ 

4 00nm7!>^^>8 00nm(:fc(ti>*:K^lSft*3t^ 
T, GaH-r(50ZnO|i£Off$*>'. 24 0 nm, 5 0 
Onm, 870nm. 9 9 0 nm t^^fcUT t>, 80% 

i^'^hmmm-^j:h-h^^mMb\^x.h . 

[0055 1 iSj, ll2<0;Jbfe#1±?:jB!l^L?tfc#cOZn 
OSB^^^4.£7)Ga-^^4{i, tfyAat%X'hh. 
[0056] <?:{c*^BJ<7)|life<0jeSlCOV^TEaSr# 

[ 0 0 5 7 ] 113 tc, ^^m<^m 1 HiSeOJK/BtC i S^l^ 

#«=^«^t0^it^^i^t-. 123 (a) {i, 

03 ( b) {403 (a) COI I I a- I 

I I hmiwmi7p.-t, 

[ 0 0 5 8 ] 03 ( a ) m/ms ( b ) tc^-^i: 3tc, 

y^^tlX\.-^hnm.GaiAsmW.\b, ^<r>±.f,zm^^ 
tt^ mi.\iTeXi,iS i*>'H-tryj?'$iirv^l.nMG 

aAs PMSbtr'ttS, 

[005 9] nMGaAsPe5cO-^MJST'$>Smi 
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rv^|.pSGaAsP»5at, IS 1 ffi^CtCitJ^-TS 

^^ixx^^hw:.^m±m<D&-immm. < s i nx > 1 1 

lzmf!i^ixX\>^i> I limcOB. A K GaXJil ncr> 

;c{fG a F-TZ n OK 1 5 t $r-i-tf . 
[0060] nSGaAsP®5i:pSGaAsPJi5 

[00 6 11 |g2ffllSEcOiiSa5)fifilTS)oT. ^l^Jlg 

[00 6 2] nMGaAs««l<omffit:. «?IJ;t<f Au 
S n 5r -^tfTSSmfig 2 1 ? ixT V % I, . 
[0063] 133 ( a ) . US ( b ) (C:T^-rf63t 

[00 64] 04 (a) (C^^-tJ:5{CnMGaAsS« 

[0065] 04 (b) C^f idtCnSGaAs*^ 
lJitCnMGaAsPJi5S:, CT;e.Jf^lig«*&^:if 

[0 0 66] 04 (c) tcS^f idtc, nMGaAsP 

«5±(cs i NxMi 1 iiwm^m.. mTLMv^x 

[00 6 7] 04 (d) (c^-ridtc. 75rh'JV^7 

^m^-th. ^i^';^^>'^•^'->PR$-7X^t LT, S 
i NxJll 1 2:^'7-<x•yf-y^^&(cJ;l9x•yf->•^' 
L. S3aot3m-rsffiJS<osiNxjK?rM^t-s. -e 

[00 68] 04 ( e) IC^-Ti-ptC, S i NxMl 1 
SrVX;?i:LTpa:f;^ifeT'*)5Zn&.mtj[^^. S 

i Nxffil Zn<7)JfctJtS-B6±-r47ttf>^ll£l5tR6iI: 
MiiLTlStg-f^. nMGaAsP«5«03-t,^PS5fc: 
i=f/£t-.S^«fc:pSGa A s P 5 3.itm^^t\.h. 

[0069] nSGaAsP^5i:pSGaAsPii5 

[00 7 0] iXtC, 05 ( f ) {C^-f J;9tC. pSGa 
AsPS5a±(C, I I imeOB. A 1 . GaX<iI n 
<7) 3 ii'-^ < 1 1 -a«$r ® Jg{c K - b- Lfc Z n 
O. 0!l;i*±'Ga H-7'ZnOffil S^JB^-rS. GaH 

-7-z noi^i 5{±. mimmmc?:+mzm\'K /s 

( 0 0 7 1 ] G a K-7-Z n OJl 1 ScOJ^titfrSt-pl^ 



[0072] @5(g)tC^f J:5t, 7*h'jy^'77 

$-fflv^-C. ^^^^^rttcZnO^l 5S:4MiiL. "^ii 
EtCGaK-rZnO^l 5 S-J^l". 
[ 0 0 7 3 ] 05 ( h ) iZTT^-tJ: oiz. G a K-rZ n 
OKI 5<04gi|5±1il«Ft. '7'f-\'-«-Jf:^T-f :^^ffl<o 
±gPSSil 7^ A 1 ^i:'S:fflv%T?^fiic.-r&, ±g?mflil 

[0 074] nSGaAsS«l<7)«ffi{i(C, TSP®ffi 

2 1€-. AuSn:5rt'&fflv^T}^fi£-t.5.. ZcOXoizt 

[ 0 0 7 5 1 jSS. ±iltmm<OXmzX *) . ±jB^^ 
[0076] iJ:tC. I I I m<r>B . A K G aXJi I n 

[00 77] ZnO^fi, ^-^< I I I]K<^B. A 
1 . GaX{4 1 no 3 *>'Jf^< t Hws-y h 

tLT-^;?^. C:ix^tfDH-/N*yh*iZnO|K4'{CT-Hi- 

-tJB<0^S-)1|3tt-Z nOMSr®Jjg»rtg^rgSfc LTM 
[0078] mz. C: C:t'{406 iZm^J: d^j:^^yr 

I'— r-fy^^sx$-ffiur, 1 1 im<r>7cmx'htG 

a^ii-/^>htLXZnOmt:m^tfzmt:7n-r, ^ 
[00 79] 06lc:^fJ:o{c. -<:t>'r^-x-f >'^^ 

^ax{4, K2f-\'WN'3 It, M^^^y^^s 1 f^i 

M^mm'hf.ii^<DM^jny7-3 3t. M^^^y->^3 

1 \^<r>±mzm.s^iix\.M>mi.-!t^}\^iy-3 st.mi. 

timX-^ 35 at. WKTni\^:?'-3 5 coT:frt~ieg? 
^^4^fi§3 7^i.t;f^fig4 l 

WN'3 1 tCA r;if;^S'?iA-rS>tr*b<7);^X>'N'yW7'4 2 
[0 080] jSj, ArXfXf^DBlfiU, -7;'xrD-rjyh 

o-^izx*)mmx'^h. M^^yr33iznLx. -e 

[0081 ] r^XVX?'>'4 1 *><bttai$ixl®@3 7± 
tclRm$iil.r7XvP(i. ^«i3 7±<0Ga$r®iSS 

iiaLfzznom^v-x4 7izmm$rLh. i]m$tifz 
±tz^&n^j:mim'^m^m^-r ^ . 

[0082] 1 (cJt LT , S^^i3t{cSBJ^mM 
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[0083] tmmaxr/mmm i ti, ^ i <7)mmi^ 

■rSLEDT'ftO. P-n m-^^^'Em-^CO^^^ L 
[0084] 07 (a) Ji^SH, 07 ( b ) 07 

(a) <?5vi I a-vi I hmmmmx'hh, 

[ 0 0 s 5 ] 0 7 {cs^ Lfzitmmizx s^f*^^^^ 

eXiiS i*<K-hr>-^^$iiTV>SnSGaAs P«7 

[00 8 6] nSGaAsP®7 5<?)-g5ffl^T$>l.m 

ilTl^i.pSGaAsPS7 5ai:, |g 1 ®lSGt;S>fjC 
-r.|>«l^(C^PSB0 2^*L. nSGaAs P«7 5<7) 
«ffifc®fi!i§itTV^|>J£g[|5Sjtfflc7)g<t^^ (S i N 

X ) 8 1 , |g 1 «1^G±<O^PSBO 2<0-g|5«l^$-S 
did {C|g2±SI5^8 5 ^0«i.lf A 1 tci OJg^t- 
■5.. 

[ 0 0 8 7 ] A UCi '9m^il/ilg2±a5«ffi8 

«i^<. pSGaAsP<^a5ffllS{C*3^->TS^^S-^ 

[00881 nSGaAsP®75i:pSGaAsP® 
7 5abizX*). P-nii-^*<m§nS. 
[00 89] nSGaAsa«7 KOSffit, MtifA 
u S n S-i-tfTai5«S9 1 **0fig$ilT . 

[ 0 0 9 0 ] iistc, mmmititmmt<7)^mi^^ 

[0091] mmm\timmb(om)j\^n^-vsm 
^^mt-tht. ^gai&^ffli, mrnik^mm^ 

[00 9 2] pSGaAsPtGa K-rZn03HJ^ 

n&¥)tW^{z^s i^tz—mffi^j: L E D t {2{i'l5l tft Irii^ 
LTtvltti, pMGaAsPi:GaH-7'ZnO^B3^ 

[0093]a!-o-C. pSGaAs PfcGa K-7'Zn 

^. 

[0094] $ ^^$&mff i O:^^ i^«EcOffi 

t imm^zj: :hm^-^^E<m<om^izit^xiz$ 

[0095] pSGaAsPtGa H— rZnOJi^ai 



[0096] %->X , 3 hm*f^«^<?)«»g 
[0097] jga^miHiP - n»-^3&><t>IHt4,^|,3fc 

t '5:< , %=i-ixz^w&xm<r>^^iL Lxms-^ 
[0098]*^^, ifc^ni^t \^xmm \(D^ott^ 

fz, 

[00991 *SIM0yitc:J: S^f*:^5K^gi^fcfflv^<5> 
f^.§GaK-rZnOSBH^€^l^ffll'^l>i:. Wk<m. 

^mmm:\i^x:% tat^-^tz^MmiiVi^izn lt^» 

[0 100] -eciT', ^B^^tipSRt/nSGaAsiS 

tpSt5j:t/fnMGaAsJ^i|i^(*tt I I IS^(?5B, A 
1 , GaXJil n<r,^^'y-ti:<h^>--Wm:mmzY-- 
^yyUzZnOmt<7)=iy^^hm.tjLiTLM (Tr 
ansmission Line Model) SMi- J: 

[ 0 1 0 1 ] -e<7)^S. pSfcil/nSGaAsiS^^ 
#:^Mi.tf G a H-rZ n OMt (r>m<Dm-^^mX'ii. 
^tl-^titttzay^ffi^YmfLCOmitl 0-**-4>l 0-6 

f2 • cmibn^i,z^b^\^zti)mmx'^ti, pstjj: 

y nMG a A s i^i}i^|f*ci:c7)^nm<0|!lMCt5V^TJf 

[0 102]t^->T. nmGaAsm^mmttmi}^^ 

I Ii^<?DB. A I , GaXtil nOd*):!!'-^ 

< t i>—mmi:mmiz H-ey^L/sz n o^h^^ 
mmtfziimms&W[mtLxmm^mx'hi>:itt: 

[0103] jn;cT. mmmitimmiziufhm'^ 

7lc4ffit«tr 1. 1 , itmfi^ 0*IIJSCT 1 co:^*^ 1 . 5 
[0 104] <Xiz. ^^^BMcrm&miizXh^^^iz 

[0105109 ( a ) »i. *%HJcoSI2||J60lJ{c is 
^:^'=F<^^mmTh •? , 09 ( b ) (4, 09 ( a ) CO 

I X a - 1 X h^mmmx'h^. 

[0 1 06] 09 (a) . 09 ( b) iZTn^- X 0 iz , H 
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tS^2tCj:|,^^^D(i, nSGaAsS:^! 0 1± 
tCnSGaAsvCy^rSl 0 3, nMAlGalnP 
KSl 0 5, Al Ga I nPySttWl 0 7. pS 
AlGalnPi'^-yHSlll. pSGaAs/ll 1 
3. nSGaAsm^yo-x^Jil 2 1$-«1i^Smffl 
fig:R:^a (MO-CVD) ^rt'SrfflV^TJiiJcJg^-rS. 
C 0 1 0 7 ] 7 ^ h u 7 ^' -iJffifciifx y f-:/ 

^J^SffitCiOpfflGaAsJll 1 3±<7)-ggfflj^H{C(7) 
;?i-«SE7'o .y 1 2 1 

[ 0 1 0 8 ] i^. m^im ■y^mi21 nSA l G 

a I n pxmfeMiM immt^um) tcct oj^BfeL-T 

[0 109]§<ofc, I I ISEOB. A 1 , GaXJil 
nC05 *>ii'^^< i ij-affl^rJU^t H-f >-:/L7t Z n 
OOTi.tfGaK-rZnOSB^mMl 17S-'fji-i^r 

fci:t/X y^>;/i$tfiS-ffl(,^TGa K-rZnOiiH^ 
«K1 1 7{;0 30gBPgl5$:JgjiJ4-ri.. 
CO 1 1 0] ZnO^m-^mi l 7J±, GaS-2at 
%*^^.8at%K-b°X:?''-r^. G aOft*>'9{=B , A 

1 X(i 1 n<7)d^ii'^^:< t-aiSSr H-ey^/LTt 

10 1 ll'im9<7)XoiZ^ GaK-rZnO^B^^m 

mi 1 7fcj:txi:ayn'y:?fli 2 ico-asis^i 

•7-^-V-*:yT^ >':J''ffliO±S5«fiil 2 3$:A 1 ^t'iz 

[0 1 1 2] i^, ma7'n-yi?«l 2 1{i, ±aSSgl 

2 3itT(C«sSA4'-r&<7)^|J&iJ:L, GaK-7-ZnO 
S-BB^mm 1 7S-:frUT. ±g6mSl 2 3{cJ:S3ti!S 
ff V ■> p - n J$-&«JtS3&»4. J: 0 ^ < «03K$-IR 0 iH-tZ 
t S , €Bgyn v ^Jil 2 1 {i^'l-SPa^^^coifiJ 

[0 113] tfz, pS(nS)GaAsai 1 Sii^lz 

mwLt Ttti^- ^yi^a^^^h^smt Lxm^ lx 

t^oT, pMGaAsSl 13t>ZnO(B, A 
l,Ga, I n) m\ nX'^^mi.hZ.t{,-si^X'h 

[01141 liLh. ^mf^mmiziihmm=F{m& 
tifix'^h±.{.z. 9v^m.f-%mij^±^<. 

%^^W&.l,zi^ixX\>^hZ t i/^r>tz. 
[0115] ^^«t^^^Oft;b'3{C¥^^§5eS^ 

tStLX^^^ith, 

[0116] ma^mzii^ p - njg^rans:^[p]{cy<>f 
T!tfjm<Dm*h's&mm^^wmixx\>'^h . 



[0117] 2.3e*i 
i-^T, S^ - mAWL, «^^{inS^JS(C- jE?L 

liprnmi'^t^m^M. zMzj:^x^ixh^m^i 

[0118] tLh, 2^^Bj(^llife«fiJic-pv^-c^JS^L/>: 
[0119] Mi-Jf, *:|IMM{ct3i''>T«i, ^m^^i^ 

ifi, ^^<r>^w.%^m'T-iizm\^(:>tix\>^i>wmm. 
ti:ii<^im^i,zmmth z b i)-m^x'h ■& , **«tc 

{±, GaAs^i|^f^j|63b:J^-f^-K<7)fl!i^ GaAsiS 
^i^^^U-^'-y^ ;t- h\ G a A s 
<^%^m\Zii\,1fhl I IJ^B, Al , GaXJil nco 
■5 *>ii'-^ < i: t — S^Sr itglc K - f y L 7t Z n 

[0 120] 

[^HJ^O^m] GaAs^i|i^«ct}^tc±jft*pMi?t 
finStJifUT I I liicOB, A 1 , GaXtil n«Op 

*>iJ'^^r< 1 1 — aiiSr h'-/t>' h t LT-^tf Z n O^bj 

j:t^Bj^gs^ife®i; Lxm$wm=?-iim<,zm^^tsz 

[0 1 2 1 ] ts-^T, mmm:h 
[iii®<7)s*^iieBflj 

[iai ] Z nOtfOGatfO#:S-i (at%) {Ctt-TSU 

[02 ] z n osBa^^(7)afe*«cM-rs3e^jS$$-^ 
■fy^yx-hh, 

ms ] *%Bjc7)||st{f!|i{c J: S4^fjsfg3fe«^A«0« 
m.i^-t. 03 (a) 03 (b) {iia3 

(a) coi 1 1 a- 1 1 1 hmimmx'hh, 

[04 ] ia3tc^-r*»«ciBt^^Aco$giiis$-^-r 

[ 0 5 ] 0 3 t,z^t^mi^mm'?-A<^mmjM^7^-t 

[06] ZnOSB8^«]K$-Jg«-r'&?ttf){=fflV^ 4.^^.4 

(07 ] jti^^ntc J: h^vi:^m=f-B<r)mmi^.-tm 

X'hh. 07 (a) (i^ffi0. 07 (b) tS, 07 
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( a) COV I I a-V I I bmMmmX'Si^, 

ma 1 mmmit}mmtzxh^mi¥mm=F<^fm 

09(a) 09 ( b ) {iS9 ( a ) 

cOI Xa- I XbiaBiDB0T3^S. 

1 nMGaAsS^ 

[Ull 



5 nSGaAsPJl 
5a pSGaAsPJi 

0 mn^ 

1 1 teitliSihfflM'fkl^Sli ( S i N X ) 

c mimm 

E |g21i*S 

mi] 




io-«i — 1^ — I — ■ 1 1 1 . I ■ 

0 4 8 12 . 16 20 

Gs^^M (Ga/(Ga+Zn) xlOO) (atnO) 




m2] 



100 r 
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F^-A(##) 5F041 CA02 CA35 CA38 CA57 CA5S 
CA82 CASS CA9S 



